The specific concept of G. geckoides was initially ascertained based on a topotypical sample from Salvador, Bahia. Geographic differentiation was studied through the analysis of two meristic characters (tubercles in a paramedian row and fourth toe lamellae) and color pattern of 327 specimens from 23 localities. It is shown that the population from the southernmost locality, Mucugê, is markedly divergent in all characters studied. A Holocene refuge model is proposed to explain the pattern. A decision about the rank to be attributed to the Mucugê population is deferred until more detailed sampling is effected and molecular methods are applied.
INTRODUCTION
The Gymnodactylus geckoides complex has one of the most interesting distributions of all cis-Andean lizards. It occurs in such diversified areas as the semi-arid caatingas of northeastern Brazil, the Central Brazilian cerrados, which are mesic open formations, and the humid Atlantic coast. The elucidation of its evolutionary patterns is of considerable interest. In the present paper I study the geographical differentiation of G. geckoides s. str. in the domain of the caatingas. Spix (1825) , in his Species novae lacertarum, described, in the order Lacertae, section Amblyglossae (p. 1), family Geckones (which, in the book, included four species of present Gekkonidae and one of Polychridae), the new genus Gymnodactylus, with only the species geckoides (p. 17, pl. 18:1).
LITERATURE
*Member Academia Brasileira de Ciências E-mail: vanzo@usp.br Both the description and the figure are very good. The type locality, environs of the city of Bahia (the present Salvador), is satisfactorily explicit, and the animal is still fairly common there. Fitzinger (1826: 48) , in a rather confused note on gekkonid systematics, placed geckoides in his new genus Stenodactylus, together with the present Alsophylax pipiens (Pallas 1811), Asiatic, and his new species S. elegans, a synonym of S. sthenodactylus Lichtenstein, 1823, NorthAfrican and Near Eastern. Later (Fitzinger 1843: 43) he still adhered to this concept.
H. Boie (1826: 119) , in a review of Spix's book, made a trivial comment on the generic allocation of geckoides, which, for him, should go in Ascalabotes Wagler, an opinion with which Fitzinger (1827: 746) agreed.
Cuvier (1829: 58, reprinted by Duvernoy 1841: 81) maintained Gymnodactylus: ''doigts grêles et nus, queue ronde.' ' Wagler (1830: 144) also maintained the genus and species, but included 1. Gymnodactylus g. geckoides Spix, 1825 Rows of dorsal tubercles, 12; tubercles in a paramedian row, 37-46; ventrals, 17-22; lamellae, 16-20 ; dorsum brown without or with scarce dark marblings, no ocelli; distribution, northeastern Brazil from Salvador north to northern Paraíba; synonym, Gymnodactylus conspicuus Amaral, 1932. 2. Gymnodactylus geckoides darwinii (Gray 1845) Rows of dorsal tubercles, 12-16; tubercles in a paramedian row, 64-78; ventrals, 13-16; lamellae, 12-16 ; dorsum brown with more or less distinct marblings; a black U-shaped nuchal band from eye to eye; distribution, eastern Brazil from Espírito Santo to S. Paulo; synonyms: Gymnodactylus girardi Steindachner, 1869; Gonatodes helgae Amaral, 1950. 3. Gymnodactylus geckoides amarali Barbour, 1925 Rows of dorsal tubercles 12-16; tubercles in a paramedian row, 33-43; ventrals 19-24; lamellae, 13-19 ; dorsum and flanks with irregular rows of black, white-centered ocelli; distribution, Central Brasil (present states of Goiás, Tocantins and Mato Grosso) to Piauí.
I explicitly did not find signs of intergradation between these forms, but considered them subspecies because they were clearly related, allopatric, occurring in areas ecologically very different, but not separated by any impassable barriers (which would favor intergradation). Such was the paradigm of the times.
In a paper on the ecology of lizards in northeastern Brazil, I (Vanzolini 1974) , reported on G. darwinii from the Atlantic forest in Pernambuco and on G. geckoides from two caatinga localities in the same state. Vanzolini et al. (l980) described and illustrated G. geckoides from the general area of the caatingas. Williams and Vanzolini (l980) , in a paper on Brazilian Anolis, mentioned G. geckoides from the mesic enclave of Arajara, in Ceará.
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Later (Vanzolini l982) , on the occasion of describing a new and very characteristic species, G. guttulatus, from the Serra do Espinhaço (1320-1360 m) in Minas Gerais, I returned to the geckoides species group. I commented on the widespread tendency in the 1940's and 1950's to consider allopatry synonymous with subspecies, and reinstated G. darwinii to full species status; I also commented on the need for more work on the relationships between geckoides and amarali. Freire-Souza (later Freire 1991 , congress abstract 1996 reported, for the first time, G. geckoides and G. darwinii occurring together in a sand dune environment in Natal, Rio Grande do Norte. This placed beyond doubt the individuality of the two species.
Pellegrino (l998), in an unpublished doctoral thesis on the cytogenetics of Gymnodactylus, concluded that darwinii is a well-defined species, but that the data then available did not permit a decision as to the relationships between geckoides and amarali.
Finally, Freire (l998) studied the geographical differentiation of G. darwinii. She did not use statistical methods, just published tables of the distributions of frequencies of meristic characters, ordered from North to South and remarked that the variation seemed clinal. I have re-analyzed her data, and found out that effectively the variation of the number of tubercles in a longitudinal row is closely related, not to latitude, but to annual mean temperatures; I hope to return to the subject in a coming paper on G. darwinii.
MATERIALS AND METHODS
I have used 327 specimens from 23 localities, all in this Museum's collection (see Appendix, Map 1 and Gazetteer). My localities cover an area of about 184,000 sq km, approximately 20% of the area of the morphoclimatic domain of the caatingas.
Sexing
Sexing small gekkonids by external inspection of the base of the tail implies unavoidable uncertainty. Dissection of the gonads of collection specimens is frequently indecisive, and involves risk of mutilation (ventral counts may become impracticable). Dissection of the base of the tail is usually conclusive, but involves a considerable risk of breakage and should be resorted to only in case of real need. Of course, when the tail is already broken, dissection of the stump, which always contains the short hemipenes, is easy, decisive and riskless, and should be the method of choice.
Fortunately, in the present case we have a way of improving the confidence on the sexing of specimens. by inspection. In 1977 and 1978, Laurie J. Vitt conducted, on behalf of the Brazilian Academy of Sciences, a program of reptilian ecology at Exu, Pernambuco. He collected a fine series of Gymnodactylus and sexed them, by dissection of the gonads, in the field; his data are in our archives. This Exu sample of geckoides affords a good chance of checking routine sexing. I first sexed independently, at random, Vitt's specimens. I went back to the cases of disagreement, sexing them again at random, without reference to Vitt's data. It turned out that (i) specimens 39 mm SVL and larger with intact tails can be sexed by inspection, with an error rate of ca. 15% (mostly females mistaken for males); (ii) some specimens smaller than 39 mm can be sexed with some degree of certainty, but mostly had better be left as ''juveniles''. Adult specimens with broken tails can be confidently, as said, sexed by dissection of the stump, and thus the overall uncertainty drops to about 10%. Given that so far no sex differences have been found in meristic characters of Gymnodactylus, the uncertainty is not serious in the analysis of such characters, but should be kept in mind in studies of relative tail length. In the studies carried out on the Exu sample I have used in parallel Vitt's and my sex determinations. The results agree closely. I here adopt Vitt's data.
Map 1 -Localities of the samples used in the analysis. 1. Santa Luzia, 2. Piancó, 3. S. José de Espinharas, 4. km 5. Encruzilhada, 6. Carnaubeira, 7. Floresta do Navio, 8. Custódia, 9. Paulo Afonso, 10. Barra, 11. Vacaria + Xiquexique, 12. Cabaceiras, 13. Santana do Carirí, 14. Exu, 15. Raso da Catarina, 16. Xingó, 17 . Senhor do Bonfim.
Characters
The quantitative characters studied were: relative tail length (regression on body, i.e., snout-to-vent length), number of tubercle rows transversely counted at midbody, number of tubercles in a paramedian tubercle row, number of rows of ventral scales transversely counted at midbody, number of volar lamellae of the fourth (longest) toe.
Measurements were taken to the nearest millimeter with the specimen adpressed against a steel ruler. Tail length is frequently a delicate measurement to take. Small geckos are best, but infrequently, fixed with extended tails, which, besides much facilitating measurement, insures against breakage and causes no great storage problems. Contrariwise, specimens fixed with bent tails, as practically all in my samples, are at risk during handling, more so in the process of measuring. Stretching, however gently, often leads to breakage and always adds variance to the measurement. This is an ineluctable contingency. Another very serious difficulty stems from the impossibility of evincing breaks in the distal, thinner part of the tail. In numerous cases one has the impression that the measurement being taken is not of a whole tail, but there is no way of ascertaining.
Counting the number of longitudinal rows of tubercles may at times offer difficulties, due to irregularities in the outermost rows. My procedure was to count several times the tubercles tangent to an imaginary transverse line and to adopt the mode. The range of the variable is narrow, and the data obtained were consistent, that is, independent counts made by myself tended to agree closely.
Tubercles in a paramedian row: on the middle of the back there is usually a granular, tubercle-less median stripe. The two rows adjacent to this area on either side are by definition the paramedian rows. Both the rows and the stripe may be well or not so well defined. The tubercles are counted from the level of the posterior margins of the thighs (in itself a source of uncertainty) to the foremost aligned tubercle in the row. Along the rows there are enough small irregularities of color and shape to offer the eye a fairly sure lead. Doubts were solved by counting several rows several times and taking the mode. Counts turned out again to be reliable. Ventrals were counted transversely at approximately midbody; occasional small difficulties were encountered due to the presence on the transition from the belly to the flanks of scales similar in shape to the ventrals but smaller. Examination of adjacent rows dispelled any doubts, but a subjective element (involving in fact never more than one scale) of course remains. Specimens sexed in the field by dissection of the gonads may offer some added uncertainty due to unevenness of the margins of the midventral incision.
Counting infradigital lamellae (the ungual sheath not included) involves also an irremovable subjective decision about what is a properly widened first lamella. In spite of this the counts proved once more to be trustworthy.
Statistical Methods
All statistical methods used were on purpose elementary and directly related to the nature of the variables. They can be found in any elementary textbook, e.g., Dixon and Massey (1983) , Zar (1999) , Vanzolini (1993 
PRELIMINARY CAUTIONS
Two cautionary steps should always be taken before any statistical analysis is undertaken. First, it should be made sure that all characters studied are statistically independent -otherwise in a final reckoning, two associated characters should be scored as only one. In the present case this precaution turned out to have been essential: two meristic characters are involved in geographic differentiation in parallel ways, but had been shown to be independent. It also should be checked whether juveniles can be freely combined with adults in the analyses, or if they show exceptional values, absent in the adults and thus probably to be eventually pruned by selection. I tested both questions in two very good samples, from Xingó, Alagoas, and Exu, Pernambuco. No exceptional values were found in specimens 39 mm SVL (the body length at which sexual dimorphism of the base of the tail becomes evident) or smaller.
In the Exu sample specimens were identified in the field as males, females and unsexed. As there was no difference in body size between sexed and unsexed specimens, I am not calling the latter ''ju-veniles'', just unsexed. As to independence, I computed correlation coefficients for the three pairs of variables, with the following results (degrees of freedom within parentheses): Xingó Exu Ventrals × tubercles 0.0188 (12) The Exu samples (186 specimens, of which 64 with intact tails) afforded also an opportunity of testing the presence of sex dimorphism. The MannWhitney test showed that females have on the average longer bodies (z = 2.750**). In scale counts (Table IV) there is homogeneity. Especially welcome is the opportunity to study relative tail length (Table III , Graph 1). The coefficients of determination go from good (0.8897) to very good (0.9626) and there is homogeneity among the three groups (males, females and unsexed). I feel thus justified in generalizing the procedure and lumping together all specimens of the samples whose small numbers do not permit the respective comparisons.
Tail length
Body length
Graph 1 -Gymnodactylus geckoides, Exu, regression of tail length on body length.
THE SALVADOR SAMPLE
G. geckoides, in the current concept, has an extensive geographic distribution, with commensurate variability; a topotypical sample from Salvador, Bahia, has been fundamental in settling the strict concept of the species. It is fortunate that we have also from Salvador a good sample of the closely related G. darwinii (Gray 1845) and that the concept can be reinforced by comparison.
Pholidosis and Color Pattern
In the context of the systematics of simple-toed geckos, the following suite of characters characterizes topotypical G. geckoides:
-Members pentadactyl, digits not dilated, not fringed (thus Gymnodactylus, ''naked finger''), with simple volar lamellae; distal phalanges upturned; all digits clawed, the claws between two scales; plantar surface uniformly granular.
-Dorsal lepidosis heterogeneous, with more or less well aligned keeled tubercles on a background of small granules; ventral scales subcycloid, smooth; caudal scales lanceolate, proximally raised, the midventral row widened.
-Pupil vertically elliptic; superciliary flap reduced to a granular rim, with 2-3 small flat scales anteriorly. Ear opening very small.
-Top of snout coarsely granular; rostral high, depressed, incised in the middle; nostril between the rostral, a corner of the first labial and one supranasal, in contact with its fellow or separated from it by 1-3 granules. Top of head with fine granules and numerous small, button-like round tubercles.
-Six supralabials to the middle of the eye.
-Anterior edge of arm and forearm, dorsal surface of arm and hand with scales almost as large as the ventrals, imbricate, proximally keeled and sub-mucronate; remainder of forelimb granular.
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-Dorsum dark brown, uniform or with inconspicuous black marblings (further materials showed considerable variation in dorsal color pattern, ill-defined ocelli or diffuse whitish markings being frequent: Figs. 1, 2). Lower, MZUSP 48021, Exu, Pernambuco.
-Ventral surfaces whitish, with scattered dark punctuations, especially on the flanks, preanal region and thighs.
-Tail dorsally brown, with black and dark yellow rings, more distinct distally; ventral scales whitish, with dark markings on the sutures.
G. darwinii from Salvador broadly (i.e. at the generic level) agrees with these characters, with the following major differences: -It has fewer and smaller tubercles interspersed with the supracephalic granules.
-The granules on top of the snout are relatively smaller.
-The posterior half of the superciliary flap is distinctly aciculate.
-The supranasals are usually in contact.
-There are only five supralabials to the middle of the eye.
-There is a conspicuous row of enlarged granules on the thenar margin of the plantar surface, in line with the hallux.
-The dorsum is grayish-brown with definite transverse black marblings. There is a characteristic black, frequently white-bordered nuchal band, from eye to eye. 
Scale Counts
Some characters sharply differ between the two samples (Tables I and II) and are paramount in tracking the species away from the area of sympatry. A first and fundamental difference concerns the dorsal tubercles, both in arrangement and number. They are much more regular in darwinii. As to the number of rows transversely counted, all geckoides (Table I) have 12, and darwinii varies from 12 to 16, 12 being rare: the modal count (16/28, or 57%) is 14.
The number of tubercles in a paramedian row (Table II) differs widely: there is no superimposition between the two distributions of frequencies. The same can be said of the number of ventrals. In the number of fourth toe lamellae there is a short superimposition, but the difference is again very wide.
A comparison of relative tail lengths presented some difficulties. Our Salvador geckoides sample contains only 3 specimens (one juvenile, one male and one female) with intact tails. The sample of darwinii, on the contrary, has 6 young, 11 males and 6 females amenable to analysis. I computed the regressions for the last three groups (Table III) . The regression of the juveniles was excellent: r 2 = 0.9712.
Those of males and females did not reach the level of significance, I think due to short ranges of body length. Combining males and females, a siginificant regression was obtained, with a mediocre fit (r 2 = 0.6563). This joint regression, however, did not differ significantly from that for juveniles: t for the difference between the coefficients of regression was 0.715 (19 df, ns), for that between intercepts 0.990 (20 df, ns). The regressions could thus be combined, and the resulting one, with improved ranges now, turned out very good (r 2 = 0.9355). This allowed me to attempt a test of the differences between the observed tail length of individual geckoides specimens and the values computed for the same body length of darwinii (Graph 2). Of the three values of t obtained, one (2.139 ns) was not significant, but two, 6.807*** and 6.002***, concerning the two larger specimens, were highly significant. This seems to indicate that darwinii has a relatively longer tail than geckoides.
Tail length Body length
Graph 2 -Gymnodactylus geckoides and G. darwinii, Salvador, Bahia, regression of tail length on body length.
At any rate, scale counts and color pattern afford easy and unambiguous identification of the two species.
GEOGRAPHICAL DIFFERENTIATION OF G. geckoides
At this stage I apply the name G. geckoides to specimens agreeing with the Salvador sample in general pholidotic characters, and especially in having 12 rows of tubercles. A look at Map 1 or at the list of specimens (Appendix) will clearly show that G. geckoides is essentially a lizard of the morphoclimatic domain of the caatingas (Ab'Sáber 1977b, Velloso et al. 2002) . Salvador, a coastal locality in a complex ecological Relative tail length is, as said, a difficult matter in the case of lizards with very fragile and finepointed tails. My samples do not permit an adequate analysis.
Ecological Correlations
As remarked above, Freire (1998) discovered in G. darwinii a latitudinal cline which, on further analysis, revealed a close statistical relationship between annual mean temperatures and the number of tubercles in a paramedian row. Thus, although the narrow span of latitudes (a little over 6 degrees) covered by my samples offered little promise, I started my investigation by plotting the scale counts against latitude. Tubercles and ventrals showed no relationship, but fourth toe lamellae showed a striking regression, with the outstanding exception of the sample from Xingó (Graph 3). Of course, latitude as such is not an ecological factor; it only offers a relatively effortless first approach to the problem. The two obvious environmental variables conceivably related to latitude, are, in this case, beyond doubt, temperature and precipitation. I found in the literature no individual data on temperature and rainfall of all my localities, but, by strategically using the available information, it was possible to assemble workable data, especially keeping in mind that the purpose of the investigation is not to establish accurate equations relating the biological variables to temperature and rainfall, but simply to evince the eventual relevance of the abiotic variables to the process of geographical differentiation.
Annual mean temperature.
Temperatures in the domain of the caatingas are high and do not vary much in space or time. They are considered of secondary ecological relevance, and do not receive much attention in the literature. Direct temperature data were available for only three of my twelve samples, all presented as collateral information in rainfall tables. There are published equations (multiple regression) aimed at calculating temperatures based on altitude, latitude and longitude (Bahia 1998 , Azevedo and Moreira 1981). I checked these nual temperature is quite good, with one exception: Mucugê stands out. The ten remaining samples afforded a coefficient of determination of 0.8946. In the case of lamellae, two samples deviate, Cabaceiras and S. Francisco; the remainder afford a good regression (Table XII) .
Rainfall. Given the importance of water in the everyday life of the caatingas, where droughts are frequent and severe, there are in the literature relatively abundant data on rainfall (Bahia 1998 , Nimer 1979 . I had direct data for four single-locality samples; for the others it was easy to obtain averages of neighboring localities at the same approximate altitude. The same was done for the samples with more than one locality. Both the number of tubercles and of lamel- lae are significantly related to rainfall, although the quality of the regressions is not very high (Tables XI  and XII) . It should be noted that, in the geographical space sampled, temperature and rainfall are not correlated (Table XII) .
Comment. These ecological correlations have interesting evolutiuonary implications. Even the strong discrepancies (no doubt caused by environmental factors not considered here) in such wellordered processes acquire conceptual relevance. The ensemble of data, significant regressions and exceptions, strongly indicates that G. geckoides is sensitive to environmental conditions and responds conspicuously, and probably rapidly, to them. Any study of speciation must keep in mind the possibility of parapatric differentiation.
Geographical Pattern
The next step I took in the study of geographical differentiation of G. geckoides in the caatingas was to visualize the relationships among samples as revealed by Tukey's test. This can conveniently be done by portraying graphically the differences between geographically adjacent samples on ''skeleton maps'', in which coordinates are plotted on a cartesian graph, simulating the spatial relationships without the encumbrance and considerable labor of actual maps. The three meristic characters studied showed geographical heterogeneity in the analysis of variance, but the application of Tukey's test did not reveal any pattern in the case of ventrals. This is not infrequently the case: the powers of discrimination of the two tests differ. Thus I have considered only tubercles in a paramedian row and fourth toe lamellae. Both characters present relatively simple patterns. (Tables V and VI 
Tubercles
Superciliary flap.
In the geckos there is a superciliary fold of skin, that was sometimes referred to as an eyelid. Underwood (l954: 472) showed that it was merely what he called ''a prominent extrabrillar fringe'', which I (Vanzolini 1978) prefer to call, descriptively, a superciliary flap.
In geckoides the fold is conspicuous, paved with granules; frequently there are some flat, enlarged granules at the anterior end. In Mucugê these flat granules are much better developed than in any other sample, especifically than in Morro do Chapéu. This is a small, but, in geckos, a suggestive difference.
Color pattern. It has been seen that in the genus
Gymnodactylus color pattern plays a significant role; there are marked differences among geckoides, darwinii, amarali and guttulatus. In the caatingas, the dorsal color pattern of G. geckoides is variable, from a fuliginous brown poorly patterned with blackish markings, to passably aligned rows of light markings, varying in distinctness, frequently edged with black, completely (ocelli) or not. In Morro do Chapéu the whole gamut is seen. I found, with the exception to be next noted, much variation, but no geographical regularities in this character. In Mucugê, and only in Mucugê, a different pattern was found.
The dorsum shows (Plate 1A) a pattern of medium-brown ground color with 6-9 relatively bold blackish crossbars, either complete across or in alternating halves. The dorsal aspect of the limbs is also marked with bars, transverse or oblique, sometimes reaching the ventral surface on the sides; the digits are spotted. The head at its most patterned shows a dark stripe from the nostril to the eye, light-bordered above; on the snout, a dark chevron; on the top of the head and nape coarse irregular black vermiculations. The upper lip may be immaculate or lightly spotted. The tail has transverse black rings 3-4 granules long, separated by light brown interspaces 5-6 granules long. The ventral parts are cream-colored, unspotted. All the dark markings may show different degrees of intensity. Wright (1967) and very clearly discussed by Pielou (l979: 85 seq.) . I prefer the refuge model, as there is parallel differentiation of two uncorrelated characters, tubercles and lamellae, and also, of decisive relevance, because the area of differentiation is Mucugê.
Conclusion
DISCUSSION
That Mucugê appears as a site of geographic differentiation of a caatinga species of animal should not come as a surprise. In spite of not being in an extensively collected area, it is the home of one endemic genus of amphibians, Rupirana Heyer, 1999, of one endemic species of lizard, Tropidurus mucujensis Rodrigues, l987, and of one endemic species of hummingbird, Augastes lumachellus (Lesson 1838) (apud Sick l984: 381).
As said, G. geckoides is essentially a denizen of the morphoclimatic domain of the caatingas. The concept of morphoclimatic domains was applied by Ab'Sáber first to Brasil (1967) and later (1977b) extended to the whole of South America. A morphoclimatic domain is (Ab'Sáber 2003: 11) a large spatial ensemble (hundreds of thousands to millions of square kilometers) containing a coherent arrangement of relief, soils, vegetation, hydrology and climate. Each domain has a core area, usually polygonal, where physiographic and biological features are integrated in a homogeneous complex. The core areas of adjacent domains are separated by narrow, elongate belts, showing distinctive local combinations of vegetation, soils and relief; they are not, and this is very important, areas of gradual transition.
The domain in question was formally called by Ab'Sáber (1967) the ''domain of semi-arid interplateau depressions of northeastern Brasil''. However, as stated by Tricart (1958: 2) , vegetation is the best synthetic expression of climatic features, and the domain is more widely known, after the charac-teristic vegetation, as the domain of the caatingas. In fact, there are authors (e.g. Velloso et al. 2002) who prefer the term ''biome'', which stresses the vegetation, in spite of the broader scope and obvious advantages, theoretical and practical, of Ab'Sáber's concept.
In his latest paper, Ab'Sáber (2003: 14) thus characterized the domain:
1. It is a semi-arid region, latitudinally subequatorial to tropical, measuring 700,000-850,000 square kilometers (my own estimate is closer to 900,000 sq km).
2. Geomorphologically, it is mostly constituted of inter-plateau depressions, reduced by erosion practically to plains studded with low hills.
3. There is very little decomposition of bedrock, the regolith being usually 0-3 m thick; there are widespread outcrops of rock, commonly constituting stone floors.
4. The climate is dry (yearly rainfall 350-600 mm), hot (which accentuates the dryness), and extremely irregular in space and time; there are frequent years of severe drought as well as (of course much rarer) years of extensive floods.
5. The drainage is intermittent, and, very important, outflowing ( non-centripetal), which explains the absence of evaporite-rich, desertic features, such as playas and alkali flats.
Mucugê is on the Serra de Sincorá, which is part of the Chapada Diamantina, itself the northern half of the great range known as Serra do Espinhaço (''the Backbone''). This is a roughly N-S trending mountain range of Proterozoic age, much folded and eroded, reduced to a series of aligned tabuliform surfaces 800-1000 m high. There are two main nuclei, a southern one in the State of Minas Gerais, surrounded by cerrados, of which a segment, the Serra do Cipó, has been zoologically fairly well explored, and a northern one in Bahia, surrounded by caatingas, known as the Chapada Diamantina or, in geological and geomorphological parlance, the ''Proterozoic Plateaux'' (Map 2). There is great ecological difference between this area and the caatingas. The vegetation determined by the harsh conditions of the semi-arid domain obviously shows adaptations against loss of water, morphological (wax, thorns) and physiological (closure of stomata, dryseason deciduousness). Cacti and other succulents are conspicuous. During the dry season all leaves fall; the vegetation acquires an ashy tinge that is at the root of its indigenous (Tupi) name: caa tinga = white woods.
Of course the caatingas are also very specialized floristically; good summaries are found in Andrade-Lima (1981) , Brazão and Araujo (1981) and Gonçalves and Orlandi (l983) . The last two papers, in the discipline of Projeto Radambrasil, adopt the so-called ''Sistema Fitogeográfico Brasileiro'' (Veloso et al. 1975) , which has by no means won general acceptance, but their field surveys and species lists are thorough and workmanlike. Gonçalves and Orlandi (l983) classify the vegetation of the general Mucugê area as ''montane ecological refuge'', refuge to them meaning ''all and any vegetation floristically different from the general context of the regional flora'' -for all purposes an enclave, a meaningful concept in the present context. Velloso et al. (2002) , in their application to the ''caatinga biome'' of Bailey's (1998) concept of ecoregions, consider the ''Chapada Diamantina Complex'' as a facies of the caatingas, and ascribe to it a vegetational mosaic, including caatinga, very diversified, on the lower levels (below 1,000 m), cerrados, campos rupestres and forest, from very dry to very humid. Recent opinion (Harley and Simmons 1986 , Giulietti and Pirani 1988 , Harley 1995 , Seabra 1998 emphasizes the presence of campos rupestres on the upper surfaces of the Espinhaço. (These campos are a formation for which no suitable English name has been proposed, so I follow Giulietti and Pirani 1988 , Harley 1995 and Heyer 1999 , in using the Brazilian term, without quotation marks.)
The campos rupestres have been described in detail by Harley and Simmons (l986) and by Giulietti and Pirani (l988) . Their phytogeographic relationships are complex and not yet fully understood, but there is no doubt about their ecological and taxonomic individuality.
Besides campos rupestres, there are in the Chapada Diamantina extensive areas of cerrados (''campos gerais '', etc; Brazão and Araujo 1981 , Harley and Simmons l986, Harley 1995 , Seabra 1998 Grillo 2000) . Harley and Simmons (l986: 11) say: ''the campos gerais... cover extensive parts of the Chapada on flat, sandy or latosolic plains such as are found to the south and east...''.
It is evident that the upper reaches of the Chapada Diamantina are not uniformly under caatingas.
My sample comprises seven specimens catalogued as from ''Mucugê, Bahia''; five of them have no further particulars, but two have the mention ''1020 m''. This would place them in the campos rupestres, which predominate above 900 m (Harley and Simmons 1986: 7, Giulietti and Pirani 1988: 40) . This is an interesting point, but not really essential to the argument, in view of the variety of non-caatinga environments available.
In Graph 7 are compared the temperature and rainfall data of Mucugê, of Canudos, in the stark caatinga of northern Bahia, and of Barra da Estiva, in cerrado some 70 km almost due-south of Mucugê. It is clear that Mucugê conforms to a typical cerrado paradigm, a moderate climate with marked seasonality and reasonable rainfall. ''The Chapada owes its rich flora to the humid mesothermic climate of mild, wet summers with rain clouds driven westwards from the Atlantic watering its higher and easterly slopes.'' (Harley and Simmons, 1986: 3) .
In addition to these ecological characteristics of the Chapada Diamantina, there is plentiful evidence of paleoclimatic events that would make it an isolated refuge in the not-distant past. This evidence comes from the two usual main sources, geomorphological and paleopalynological.
The geomorphological contribution consists of the observation of features of the superficial structure of the landscape attributable to paleoclimatic causes (Ab'Sáber 1955 , 1956 , 1969 , 1977a , Dresch 1957 , Tricart 1958 . These observations, made on a very broad geographical scale, at least opened the field for conjecture. There is, however, one pollen profile (Oliveira et al. l999) , from a critical locality in the caatingas, the fossil dunes of the middle Rio São Francisco, at 1024, 4313, fully relevant in the present context. In it are identified five pollen zones, with the following C-14 ages and climatic characteristics:
-SA 1, 10990-10540 yr BP, very humid (forest, no cerrado).
-SA 2, 10540-6790 yr BP, progressively warmer and drier, with cerrado and caatinga, increasingly drier from 8910 to 6790 yr BP.
-SA 3, 6790 -ca. 6230 yr BP, no pollen found, possibly semi-arid.
-SA 4, ca. 6230 -ca. 4535 yr BP, relatively moist, evolving into a mixed vegetation, caatinga and cerrado, with gallery forest.
-SA 5, ca. 4535 yr BP to present, drier, leading to the present conditions of semi-aridity.
These fast climatic changes are thought by the authors (Oliveira et al. 1999) to be compatible with current ideas about the climatic evolution of Brazil in the Holocene (e.g. Prado and Gibbs 1993, Ledru et al. 1994 Ledru et al. , 1996 Ledru et al. , 1998 . There is indeed in the literature a sufficiency of humid episodes to sustain the idea of a Gymnodactylus population insulated in the Chapada Diamantina, in fairly recent times (possibly as little as 11,000 yr B.P.) by a mesic matrix. In fact, Harley and Simmons (1986: 5) say about the isolated ''brejo'' forest isolates on the Chapada: ''they would seem to be relict communities from a period when forest covered a much greater area of NE Brazil...''.
In such isolation and changed climate, a labile, genetically malleable lizard such as Gymnodactylus geckoides would find every encouragement to differentiate. This is the type of model previously proposed by myself (Vanzolini l997) to account for speciation in cerrado amphisbaenians.
Otherwise, morphologcal homogeneity over such a large territory (ca 400,000 sq km) agrees well with the recency of distributional phenomena in the caatingas.
CONCLUSION
I think that, in sketching a first outline of the geographical differentiation of G. geckoides, a caatinga lizard, this study has accomplished its purpose. The matter remains of the taxonomic rank to be attributed to the Mucugê population, which may be a subspecies or a full species. I believe that the data available are not sufficient for a rational decision -in fact I think that such a decision is not at present necessary. To me the important point is that differentiation occurred, driven by paleoclimatic causes, in a modern, Holocene frame. The pattern stands, to be deepened and extended by better data (more detailed collecting) and improved (molecular) methods. It should also be profitable to investigate, in this frame of mind, other areas of the Espinhaço, such as the region of Guinda, in Minas Gerais, the type locality of G. guttulatus Vanzolini, l982 .
